INTRODUCTION
Although milk secretion can be induced in mammary-gland transplants devoid of nervous connections (Strieker, 1929) , the availability of the milk present in the gland when the young start to feed depends on the proper functioning of the milk-ejection reflex (Cross & Harris, 1952) . The continued secretion of milk demands appropriate hormonal conditions which are main¬ tained by suckling (Selye, 1934; Folley, 1956) , and when the young are weaned the withdrawal of the suckling stimulus, rather than the accumulation of milk within the gland, is primarily responsible for the rapid involution that takes place at that time (Selye, 1934; Williams, 1945) .
Other events that accompany lactation, subsidiary to mammary-gland activity, are also related to the stimulus of suckling. The oestrous cycle is in abeyance (Long & Evans, 1922) , unless only a small litter is being nursed (Parkes, 1926) . There is a two-to threefold increase in the mother's food intake which is roughly proportional to the intensity of lactation (Slonaker, 1925) , and there is an increase in her body weight (Cole & Hart, 1938; Young, 1951; Cotes & Cross, 1954) .
Suckling thus plays a fundamental part in the physiology of lactation. There is, however, little quantitative information about the extent of the control exerted by the young through the stimulus that they supply. Experiments designed to explore the relation between suckling and lactation in the normal rat are described below. A preliminary mention of some of the findings was made in the Discussion of the Symposium on the Physiology and Biochemistry of Lactation, held at the Royal Society on 13th March 1958 (Bruce, 1958) .
The observations can be grouped roughly into three categories: the main¬ tenance of established lactation beyond the natural weaning time ; the effects of lactation so prolonged on the oestrous cycle, mating and pregnancy; and finally, the induction of lactation in the non-lactating female.
It is common knowledge that lactation can be prolonged after a litter has been weaned, by the provision of foster litters (Parkes, 1926) , so an examination of the necessary conditions made the starting-point of these observations.
MATERIALS AND METHODS

General husbandry
Both experimental and control animals were taken from a small colony of randomly bred Wistar strain rats. Each female was housed individually in a wire-mesh cage 9" X 15" 8", which had a door at the front and a hinged lid at the back. The cage had a solid flange about 3" high round the bottom and stood in a detachable tray. Sawdust was used as floor covering and wood wool was given for nesting material. Cubed Diet 41 (Bruce & Parkes, 1949) was supplied in food baskets as previously described (Parkes, 1946) but slung from the centre of the roof. Body weight, food and water intake, vaginal smear, and, after a time litter weight, were recorded daily in most experiments. The females quickly became accustomed to the excessive handling and daily dis¬ turbance to which they were subjected.
Fostering
The rats made excellent foster mothers, the new litter being accepted readily. Although probably unnecessary, certain precautions were always taken. The female was removed from the cage before the litters were exchanged, the new litter was then introduced into the nest still occupied by the older litter and 10 to 15 min were allowed to elapse before the older litter was removed and the female returned to the cage. Litters were not retained in the experiment after the eyes had opened; this ensured that the young supplying the suckling stimulus were always wholly dependent upon the mother's milk. (Cowie & Folley, 1947) . In a few experiments, as indicated, foster young outside this age-range were used.
Several indices based on litter growth (Daggs, 1935; Brody & Nisbet, 1938; Cowie & Folley, 1947; Schultze, 1954) (Uyldert, 1946 (Bruce, 1958 On the assumption that the weight increase of young rats, entirely dependent on their mother's milk, represents about 50 to 60% of the milk yield (Brody & Nisbet, 1938; Cowie & Folley, 1947; Cross & Harris, 1952) , these females weighing about 320 g produced from 4 to 6 kg milk each during a single lacta¬ tion with no stimulation other than vigorous suckling (Table 2) . 
The figures in brackets refer to the number of foster litters.
General effect
The general effect of such intense mammary-gland activity was examined by comparing the mean value of the female's body weight and food intake, as well as foster-litter gains, over two arbitrary periods, one after about 3 months, the other after about 8 months of continuous lactation (Table 3) . For further comparison, details of the original reproductive cycle that formed the startingpoint of the investigations are also given.
After 8 months of lactation, all these females were providing sufficient milk to support daily litter-weight gains of over 9 g, slightly more than during the earlier period. The overall mean value for all three females was 10T g/day, compared with 8-2 g/day. Evidently, the mammary gland of the rat Applied 6 days post partum to the lactating non-pregnant female. Attempts to arrest lactation at 6 days after parturition and to maintain it at the low level of secretion then attained were unsuccessful. The experiment was tried three times ($$ 7, 11, 32) . In each female, day-old litters containing eight to nine young failed to maintain lactation much beyond the appearance of the second oestrus post partum which occurred at 20, 21, and 26 days respectively in the three females. The failure was retarded temporarily by older young supplying a stronger stimulus, but recurred when day-old litters were given again. This was unexpected in view of the success with which lactation had been maintained at less than maximum output in the 15-day mammary glands by day-old litters, and suggests a change in sensitivity of the mammary gland. The stimulus adequate to prolong lactation in the 15-day gland appeared inadequate for the maintenance of lactation in the 6-day gland. Suckling also prolongs the oestrous cycle in the absence of lactation (Selye & McKeown, 1934 (Maeder, 1922) . No milk could be expected at least for several days and the litters were, therefore, exchanged daily with those of lactating females. In all three females, the sequence of events that accompanied the renewal of suckling was the same. The oestrous cycle was immediately prolonged and after slight falls during the first 24 hr both the food intake and the body weight of the female rose steadily, the weaning levels being reached again in 6 to 10 days. Milk became available in small amounts from the 6th day in two females, and full lactation was resumed within about a week. Recovery in the third female was much slower. Her original lactation was poor; the ten young weaned at 19 days weighed only 297 g. It is possible that milk secretion had already ceased before the young were weaned and that the actual break in the suckling stimulus was, therefore, longer than 9 days.
Effect of suckling on parous non-lactatingfemales
The introduction of suckling young to parous non-lactating females was followed by a similar chain of events, but the effects were more protracted (Young, 1951) . There is evidence to suggest that an increase in the rate of secretion of growth hormone (Cole & Hart, 1938; Young, 1951) The requirements for some nutrients increase during hot weather (Mills, 1945) . Thus, seasonal variation may also have contributed towards the more efficient lactation of the second period measured. The decline in basal metabolism with age (Brody, 1945) , and hence a gradual reduction in the dietary requirement for maintenance, is probably the most important single factor concerned in the slow diminution in food intake re¬ corded. The change in basal metabolism in the rat between about 12 months of age (Days 80 to 100 lactation in these experiments) and 16 months is, however, insufficient to account for the whole difference.
The gradual reduction in the average daily food intake of the two virgin females continuously suckled (Text- fig. 5 ) is probably largely due to the fact that the observations were made towards the end of the period of active growth and early in the period of slow increase in weight which follows. A fall in food requirement is normal at this time. Nevertheless, during the last 2 to 3 weeks of being suckled, the daily food intake of both females was lower than would be expected for normal animals of comparable weight. Thus, continued stimula¬ tion by suckling under these conditions also appears to have influenced the energy requirement. The energy-sparing effect that accompanied continuous nursing by the three lactating females in the long-term experiment may, there¬ fore, be independent of mammary-gland activity, and may depend on secondary hypophysial effects.
The failure to maintain lactation until parturition, throughout either postpartum pregnancies or pregnancies resulting from matings during prolonged lactation, is in direct contrast with the results obtained by Mayer (1956) . He states that an effective lactation was maintained throughout post-partum gestation in the rat by frequent exchanges of litters. Strain differences between the two rat colonies may account for the discrepancy. Many differences in endocrine reactions between inbred strains of mice are known. Similar differ¬ ences exist among the strains of laboratory rats (Braden, 1958) . At the same time, it is evident that the age of the young used to supply the suckling stimulus was less rigidly controlled. The eyes of the older litter were open by the time the litter from post-partum mating was born in Mayer's experiment, illus¬ trated in his Fig. 1 (Mayer, 1956) . At this stage, the young are no longer wholly dependent on the mother. Some confusion may have arisen between the maintenance of the suckling stimulus and the maintenance of milk secretion.
The latter would be difficult to establish with young that were able to eat solid food. The growth rate of the litter is not given.
Pregnancy during lactation prolonged by suckling differs from post-partum pregnancy in the presence of lactation. Parturition takes place at the time expected for the non-lactating female; thus, the delayed implantation which characterizes the latter is absent. The females studied had been in constant lactation for 10 to 15 weeks before being allowed to become pregnant again. The change was fully established by then, but no further information is avail¬ able as to when this takes place.
In the rat, the suckling stimulus exerts a controlling influence on the mainten¬ ance of lactation. In species other than rodents, it may be of much less im¬ portance, for lactation has been maintained in sheep and in goats in the absence of stimuli from the mammary gland (Denamur & Martinet, 1960) .
